We present photometry and spectroscopy of nine Type II-P/L supernovae (SNe) with redshifts in the 0.045 z 0.335 range, with a view to re-examining their utility as distance indicators. Specifically, we apply the expanding photosphere method (EPM) and the standardized candle method (SCM) to each target, and find that both methods yield distances that are in reasonable agreement with each other. The current record-holder for the highest-redshift spectroscopically confirmed SN II-P is PS1-13bni (z = 0.335
Introduction
The past decades have been marked by an ongoing revolution in cosmology and distance estimation techniques. Following the astounding discovery that the Universe was expanding at an accelerating rate (Riess et al. 1998; Perlmutter et al. 1999) , the quest to determine the precise value of the Hubble constant, H 0 , has inspired a host of new distance determination techniques, systematic improvements to old approaches, as well as large-scale focussed projects dedicated to improving the precision in the measurements of H 0 in order to shed light on the constituents of the energy density of the Universe.
Already in the 1980s i.e., before the launch of the Hubble Space Telescope (HST), the measurement of the Hubble constant with an uncertainty of 10% was chosen as one of three HST "Key Projects". Freedman et al. (2001) presented the final ⋆ Tables A.1, A.3, A.5, A.7, A.9, A.11, A.13, A.15 and A.17 are also available in electronic format at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/. ⋆⋆ E-mail: egall01@qub.ac.uk results of this endeavour. Using an array of secondary distance indicators, calibrated using Cepheid distances, they reported a value for H 0 of 72 ± 8 km s
Galaxies for which distance estimates from multiple sources are available are crucial as anchors for the extragalactic distance scale. One example is NGC 4258, which has estimates for a geometric distance through mega masers (Humphreys et al. 2013 ), a Cepheid distance (e.g. Fiorentino et al. 2013) , and a Type II-P SN distance . NGC 4258 may therefore be a more suitable anchor galaxy than the Large Magellanic Cloud, which was used as the first rung on the distance ladder for a variety of distance estimation techniques (Riess et al. 2011a,b , and references therein).
A&A proofs: manuscript no. EPMSample_paper SNe, to constrain the Hubble constant to only 2.4% as H 0 = 73.0 ± 1.8 km s
While the uncertainties in H 0 have decreased significantly over the years, a disagreement at the 2.0 − 2.5 σ level between the values derived via SN Ia cosmology and measurements of the cosmic microwave background has emerged, reflecting a tension between local and global measurements of H 0 . Such a discrepancy could either imply unknown systematic uncertainties in the measurements of H 0 or that current cosmological models have to be revised (e.g. Bennett et al. 2014) . Nevertheless, Bennett et al. (2014) also maintain that the various estimates of H 0 are not inconsistent with each other.
The "Expanding Photosphere Method" (EPM; Kirshner & Kwan 1974) and the "Standardized Candle Method" (SCM; Hamuy & Pinto 2002) and their more recent derivatives provide independent routes to H 0 . On the most fundamental level, the EPM relies on the comparison of the angular size of an object with the ratio between its observed and theoretical flux, whereas the SCM uses the relation between the expansion velocities of SNe II-P during the plateau phase and its plateau luminosity to determine the distance. The EPM and SCM are subject to different systematics than the previously mentioned techniques and they have both undergone significant improvements from their original description (e.g. Wagoner 1981; Schmidt et al. 1994b; Eastman et al. 1996; Hamuy et al. 2001; Dessart & Hillier 2005; Gall et al. 2016 for the EPM or Nugent et al. 2006; Poznanski et al. 2009 for the SCM), aiming to reduce their systematic uncertainties. In particular, the EPM is independent of the cosmic distance ladder. Additionally, SNe II-P are more common albeit less luminous than SNe Ia, and bear the potential to be observed in statistically significant numbers.
Several other methods have been proposed to either improve on EPM or reduce the observational effort, mostly spectroscopy, for distance determination with Type II SNe. The application of a single dilution factor for the black body radiation has been shown to be a clear limitation of EPM. The Spectral Expanding Atmosphere Method (SEAM; Mitchell et al. 2002; Baron et al. 2004; Dessart & Hillier 2006) attempts to establish the physical conditions in the supernova through detailed spectral fitting. In this case, the emergent flux is determined through detailed model fitting for each spectral epoch. This method requires excellent spectral data, and has so far been applied only to the brightest and nearest supernovae (SNe 1987A and 1999em) . Variants of the SCM include the photospheric magnitude method (Rodríguez et al. 2014 ) and the photometric candle method (de Jaeger et al. 2015 (de Jaeger et al. , 2017b . These rely almost exclusively on photometry, and have been mostly developed to exploit the large SN samples that are expected to become available in future surveys. A separate approach has been taken by Pejcha & Prieto (2015) , who combine all available photometric and spectroscopic information to generate best fit synthetic light curves, yielding parameters such as reddening and nickel mass in addition to a relative distance. This method requires exquisite observational data to function, and in particular, it depends on a good sampling of the light curve and the velocity evolution for many supernovae. Although this method does not provide an independent distance zeropoint, it obtains very good relative distances. Thus it is clear that no single approach is equally applicable at all redshifts. Schmidt et al. (1994a) considered Type II SNe out to cz ∼ 5500 km s , and developed much of the EPM framework. In this study, we build upon our previous work (Gall et al. 2015 where we re-examined relativistic effects -specifically, the difference between "angular size" and "luminosity" distance -that come into play when applying the EPM to SNe at non-negligible redshifts, a subtlety that was neglected in previous studies. We re-derived the basic equations of the EPM, and showed that for distant SNe, the angular size, θ, should be corrected by a factor of (1 + z) 2 , and that the observed flux has to be transformed into the SN rest frame. These findings were applied to SN 2013eq (z = 0.041 ± 0.001) in Gall et al. (2016) , implementing both the EPM and SCM, and demonstrated that the two techniques give consistent results.
However, even in the local Universe the division between SNe II-P -which are typically used for the EPM and SCM -and SNe II-L is ambiguous and has given rise to extensive discussions on whether SNe II-P/L should Sanders et al. 2014 ), or should not (Arcavi et al. 2012; Faran et al. 2014 ) be viewed as members of the same class with a continuum of properties. The rise times of a sample of 20 Type II-P and II-L SNe were analyzed in Gall et al. (2015) , amongst them LSQ13cuw, a Type II-L SN with excellent constraints on its explosion epoch (< 1 d). We found some evidence for SNe II-L having longer rise times and higher luminosities than SNe II-P, but also indications that a clear separation of SNe II-P/L into two distinct classes can be challenging (see also González-Gaitán et al. 2015; Rubin & Gal-Yam 2016) . Given that this distinction is marginal, we investigate the possibility of including SNe II-L into the Hubble diagram.
We push the EPM and SCM techniques further, by applying both techniques to a set of Type II-P/L SNe, with redshifts in the following range: 0.04 < z < 0.34. Three SNe in our sample exhibited post-peak decline rates that would be consistent with a Type II-L classification. This has little bearing on our results. Our sample also includes PS1-13bni with a redshift of z = 0.335
+0.009
−0.012 -to the best of our knowledge -the highest-redshift Type II-P SN discovered yet. We prepare the path for future surveys that will find statistically significant numbers of SNe II-P/L in the Hubble flow, and provide an independent channel with which to gain insights into the expansion history of the Universe, its geometry, the nature of dark energy, and other cosmological parameters. Similar analyses on different data sets have been performed by Rodríguez et al. (2014) and de Jaeger et al. (2015) .
The paper is divided into the following parts: observations of the SNe in our sample are presented in §2; distance measurements using the Expanding Photosphere Method as well as the Standard Candle Method are performed in §3; our main conclusions are given in §4. 2013). We also include LSQ13cuw (Gall et al. 2015) and SN 2013eq ) in our sample. All three objects fall in the redshift range of interest and fulfill the our selection criteria. In the following we present the data reduction procedures as well as an overview of the photometric and spectroscopic observations.
Data reduction
The PS1 data were processed by the Image Processing Pipeline (Magnier 2006) , which carries out a number of steps including bias correction, flat-fielding, bad pixel masking and artefact location. Difference imaging was performed by subtracting high quality reference images from the new observations. The subtracted images then formed the basis for point-spread function (PSF) fitting photometry.
In cases where the Pan-STARRS1 photometry did not provide sufficient coverage, ancillary imaging was obtained with either RATCam or the Optical Wide Field Camera, IO:O, mounted on the 2m Liverpool Telescope (LT; g ′ r ′ i ′ filters) or the Andalucia Faint Object Spectrograph and Camera, ALFOSC mounted on the Nordic Optical Telescope (NOT; u ′ g ′ r ′ i ′ z ′ filters). All data were reduced in the standard fashion using either the LT pipelines or iraf
3
. This includes trimming, bias subtraction, and flat-fielding. For PS1-14vk we additionally performed a template subtraction due to its location within the host galaxy (it has a projected distance of ∼ 4.5 kpc from the center of the host galaxy). Template images were obtained from the SDSS catalogue in the filters g ′ , r ′ , and i ′ . Point-spread function (PSF) fitting photometry was carried out on all LT and NOT images using the custom built SNOoPY 4 package within iraf. Photometric zero points and colour terms were derived using observations of Landolt standard star fields (Landolt 1992) in photometric nights and their averaged values were then used to calibrate the magnitudes of a set of local sequence stars that were in turn used to calibrate the photometry of the SNe in the remainder of nights.
We estimated the uncertainties of the PSF-fitting via artificial star experiments. An artificial star of the same magnitude as the SN was placed close to the position of the SN. The magnitude was measured, and the process was repeated for several positions around the SN. The standard deviation of the magnitudes of the artificial star were combined in quadrature with the uncertainty of the PSF-fit and the uncertainty of the photometric zeropoint to give the final uncertainty of the magnitude of the SN.
Within the restrictions imposed by instrument availability and weather conditions, we obtained a series of three to six optical spectra per SN with the Optical System for Imaging and low-Intermediate-Resolution Integrated Spectroscopy (OSIRIS, grating IDs R300R or R300B) mounted on the Gran Telescopio CANARIAS (GTC). The spectra were reduced using iraf following standard procedures. These included trimming, bias subtraction, flat-fielding, optimal extraction, wavelength calibration via arc lamps, flux calibration via spectrophotometric standard stars, and re-calibration of the spectral fluxes to match the photometry. The spectra were also corrected for telluric absorption using a model spectrum of the telluric bands, which was created using the standard star spectrum.
3 iraf (Image Reduction and Analysis Facility) is distributed by the National Optical Astronomy Observatories, which are operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation. 4 SuperNOva PhotometrY, a package for SN photometry implemented in IRAF by E. Cappellaro; http://sngroup.oapd.inaf.it/snoopy.html. Gall et al. (2015) and Gall et al. (2016) , respectively.
The Type II SN sample
The photometric coverage ranges from rather poor (with just one photometric epoch in g PS1 and r PS1 for PS1-13atm) to very good (e.g. for PS1-13baf, which has an average 5-8 day cadence coverage in g PS1 r PS1 i PS1 z PS1 up to ∼ 100 d after discovery). Most SNe show clear plateaus in their light curves identifying them as SNe II-P. The r PS1 i PS1 z PS1 decline rates of PS1-13bni have relatively large uncertainties, however they point towards a II-P classification.
A few SNe, namely LSQ13cuw, PS1-14vk and PS1-13baf, display decline rates after maximum that are higher than 0.5 mag/50 d, which -following the definition by Li et al. (2011) -places them in the SN II-L class. PS1-13atm shows only a very weak Hα absorption component, which is a SN II-L characteristic (see Gutiérrez et al. 2014) . Furthermore the i PS1 -band photometry is suggestive of a relatively long rise time (∼ > 15 d), which could also be an indication that PS1-13atm is a Type II-L SN.
We are able to constrain the explosion epoch for LSQ13cuw, PS1-12bku, PS1-13abg, PS1-13abg, PS1-13bmf and PS1-13atm to a precision ranging from ± 0.1 d to ± 5.0 d using only photometric data, i.e. via pre-discovery non-detections, or a low-order polynomial fit to the rise time photometry.
All our SNe display the typical lines of Hα and Hβ in their spectra. Features stemming from weak lines of iron, in particular Fe ii λ5169 are visible in at least one spectrum for most, albeit not all, of SNe.
Redshifts are derived either from the host galaxy or directly from the SN spectra. The redshifts are summarized in Table 1 , while details of the redshift determination for the individual objects are presented in Appendix A.
The galactic extinction was adopted from the NASA/IPAC Extragalactic Database and is based on the values published by Schlafly & Finkbeiner (2011) . A measure of the dust extinction within the SN host galaxy was obtainable only for selected SNe. For SN 2013eq a value of E(B − V) host SN 2013eq = 0.062 ± 0.028 was adopted from Gall et al. (2016) . Weak Na i D absorptions, are visible in the PS1-13wr spectra, which we use to determine the host galaxy extinction: E(B−V) host PS1−13wr = 0.110 ± 0.049 (applying Equation 9 from Poznanski et al. 2012) . In most other cases we derived an upper limit to the equivalent width of the Na i D absorption and the extinction within the host galaxy. This process is described in detail in Appendix A.2. For our three highest-z SNe PS1-13bmf, PS1-13atm and PS1-13bni, we are not able to obtain a meaningful upper limit for the EW of the Na i D blend, due to the poor signal-to-noise ratio of their spectra.
Results and discussion
The EPM has been applied to a variety of SNe II. Detailed discussions of the EPM as well as examples of applying this technique in practice can be found e.g. in Kirshner & Kwan (1974) , Schmidt et al. (1994a) , Hamuy et al. (2001) , Leonard et al. (2002a) , Dessart & Hillier (2005) , or Jones et al. (2009) . We will closely follow the approach presented in Gall et al. (2016) . We will use the dilution factors for the filter combination {BVI} as A&A proofs: manuscript no. EPMSample_paper Fig. 1 : The SNe in our sample and their environments. Short dashes mark the location of the respective supernova (see Table 1 for the exact coordinates). The images were taken in the SDSS i ′ -band on MJD 56520.89 for SN 2013eq, the i ′ -band on MJD 56462.90 for SN 2013ca, the r ′ -band on MJD 56625.03 for LSQ13cuw, the i PS1 -band on MJD 56462.31 for PS1-13wr, the i ′ -band on MJD 56768.92 for PS1-14vk, the i ′ -band on MJD 56205.88 for PS1-12bku, the i PS1 -band on MJD 56422.29 for PS1-13abg, the i PS1 -band on MJD 56414.52 for PS1-13baf, the i PS1 -band on MJD 56422.34 for PS1-13bmf, the i PS1 -band on MJD 56422.29 for PS1-13atm, and the i PS1 -band on MJD 56432.50 for PS1-13bni. Gall et al. (2016) ; b) this study; c) NASA/IPAC Extragalactic Database; d) Gall et al. (2015) ; e) Sloan Digital Sky Survey; f) Lilly et al. (2007) presented by Hamuy et al. (2001) and Dessart & Hillier (2005) , respectively. The SCM has been developed in Hamuy & Pinto (2002) , Nugent et al. (2006) , Poznanski et al. (2009), and D'Andrea et al. (2010) . We follow the approach of Nugent et al. (2006) , who modified the technique to be applicable for SNe at cosmologically significant redshifts.
In the following, we give a short overview of the use of SNe II-L as distance indicators up to this point (see Section 3.1) and then present the preparatory steps required to apply either the EPM or the SCM. These are the application of K-corrections (Section 3.2) and the determination of the temperatures (Section 3.3) and expansion velocities (Section 3.4). In particular, we will explore the possibility of using the Hα-or Hβ-velocities to estimate the photospheric velocity of Type II-P SNe (see Section 3.4.2). We then apply the EPM (Section 3.5) and SCM (Section 3.6) to our sample and compare the results in Section 3.7. Finally we create an EPM and a SCM Hubble diagram (Section 3.8) and investigate the implications of applying the EPM and SCM also to Type II-L SNe (Section 3.9).
Type II-L SNe as distance indicators
The Type II-L SN 1979C was used by Eastman et al. (1996) to derive an EPM distance of 15 ± 4 Mpc, which is consistent with the Cepheid distance of its host galaxy, NGC 4321 (∼ 17 Mpc, e.g. Freedman et al. 1994) . Another case is the Type II-L SN 1990K which was included in the SCM sample of Hamuy & Pinto (2002) . Some SNe in the intermediate redshift SCM sample of Nugent et al. (2006) appear to have relatively steeply declining light curves (see e.g. SNLS-03D4cw in their Figure 7 or SNLS-04D1ln in their Figure 8) . Poznanski et al. (2009) select only objects with the lowest decline rates -i.e. Type II-P SNe -for their SCM sample, claiming that this reduces the scatter in the Hubble diagram. However, they also admit that only some of the steeper declining SNe II defy the velocity-luminosity correlation, while others do appear to be as close to the Hubble line as the rest of their sample. This was noted also by D' Andrea et al. (2010) , who find that "none of the five most deviant SNe in [their] sample would be removed using the decline rate method."
From a physical point of view we expect no fundamental difference between the progenitors of SNe II-P and II-L, i.e. we assume a one-parameter continuum depending mainly on the mass of the hydrogen envelope of the progenitor star at the time of explosion. This is corroborated by the work of Pejcha & Prieto (2015) , who find that the main parameter determining the light curve shape is the photospheric temperature. Of course, other factors (such as metallicity) may influence the details of the explosion and its observational characteristics, thereby affecting the precision of distance measurements.
As was done by Rodríguez et al. (2014) and de Jaeger et al. (2017b) , we include supernovae with relatively fast decline rates in what follows, but we will discuss their application to distance measurements separately where appropriate.
K-corrections
In order to correctly apply the EPM in combination with the {BVI} dilution factors the photometry needs to be converted to the Johnson-Cousins filter system. EPM and SCM require the photometry to be transformed into the rest frame of each SN (see Equation 13 in Gall et al. 2016 ).
We perform the transformations from the observed photometry to the rest frame Johnson-Cousins BVI filters in one step by calculating K-corrections with the snake code (SuperNova Algorithm for K-correction Evaluation) within the S3 package (Inserra et al. 2016) . SNe with z < 0.13: The spectral coverage is sufficient to estimate valid K-corrections.
SNe PS1-13baf, PS1-13bmf and PS1-13atm: due to their redshifts above z ∼ 0.14 the spectra of these SNe only partly cover the rest frame I-band. For this reason we combined the spectra of these three SNe with spectra from SNe 2013eq and 2013ca at similar epochs to obtain more accurate estimates for the respective K-corrections.
The K-corrections for PS1-13bni (z = 0.335 +0.009 −0.012 ) to the rest frame B-and V-band are determined using the available spectroscopy. The rest frame I-band K-corrections for PS1-13bni are calculated by interpolating the K-corrections from SNe 2013eq and 2013ca spectra to the epochs of the PS1-13bni spectra. This should provide valid results considering that most SNe II-P/L are relatively homogeneous in their spectral evolution. A small additional error in the I-band K-corrections for PS1-13bni cannot be excluded due to the unknown explosion times and the exact relative epochs of either SNe 2013eq, 2013ca and PS1-13bni.
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Temperature evolution
In preparation for a temperature determination, the uncorrected observed photometry is interpolated to the epochs of spectroscopic observations, dereddened and K-corrected. For PS1-12bku, where photometry from multiple sources is available we first interpolate the K-corrections for each instrument to the epochs of photometric observations and then correct the photometry for dust extinction. The dereddened and K-corrected B, V, and I-band light curves are then interpolated to the epochs of spectroscopic observations. Finally, the rest frame BVI magnitudes are converted into physical fluxes. The temperature at each epoch is estimated via a blackbody fit to the BVI-fluxes. To estimate the temperature uncertainties we performed additional blackbody fits spanning the extrema of the measured SN fluxes. The standard deviation of the resulting array of temperatures was taken as a conservative estimate of the temperature's uncertainty.
The results are presented in Table B .1 in the appendix. The EPM and the SCM require an estimate of the photospheric velocities. It has been argued that the Fe ii λ5169 absorption minimum provides a reasonable estimate of the photospheric velocity (Dessart & Hillier 2005 −0.07 . They included spectra from epochs between 5 and 40 days post-explosion. Our analysis is comparable to similar studies performed by (Takáts et al. 2014; Rodríguez et al. 2014; de Jaeger et al. 2017b) .
In order to test this relation we collected five well observed Type II-P SNe from the literature: SN 1999em (Leonard et al. 2002a; Leonard 2002 ), SN 1999gi (Leonard et al. 2002b ), SN 2004et (Sahu et al. 2006 ), SN 2005cs (Pastorello et al. 2006 ), and SN 2006bp (Quimby et al. 2007 ). These objects were carefully selected on the basis of the quality and cadence of the available spectroscopy as well as for the good constraints on the explosion epochs. Note that none of the objects is of Type II-L, which might potentially exhibit different velocity evolutions than SNe II-P. A more detailed discussion follows in Section 3.4.3.
We determined Hβ and Fe ii λ5169 velocities up to ∼ 70 d post explosion using iraf by fitting a Gaussian function to the minima of the respective lines and assumed an uncertainty of 5 % for all velocity measurements. Takáts & Vinkó (2012) provided a detailed comparison of different measurement techniques for 5 Poznanski et al. (2010) Nugent et al. (2006) and Poznanski et al. (2010) .
expansion velocities. The absorption method employed here was found to be equivalent to cross-correlation methods. In particular, they found that the Fe ii λ5169 tends to underestimate the photospheric velocity at phases less than 40 days, while Hβ consistently overestimates the photospheric velocity. They further showed significant divergence of the Hβ velocities from the models at phases larger than 40 days. We determined exponential fits to the velocity evolution using:
Here v(t ⋆ ) is the velocity of a particular line at time t ⋆ since explosion (rest frame) 6 and a, b, and c are fit parameters. The uncertainty of each fit was estimated by calculating the root mean square of the deviation between the data and the fit. The explosion times for the five SNe were assumed to be as given in Gall et al. (2015, and references therein) . The fit parameters are given in Table B .2.
In Figure 2 we show the resulting relation between the Hβ and Fe ii λ5169 velocities in comparison with the corresponding relation as given by Nugent et al. (2006) and Poznanski et al. (2010) (areas shaded in green and yellow). The coloured points mark velocities measured between 5 and 40 days after explosion, while the gray points depict velocities measured either before day 5 or after day 40. While the relations from Nugent et al. (2006) and Poznanski et al. (2010) follow the general trend of the data, it is also clear that in particular at later epochs the velocities of the individual SNe evolve "away" from the linear relations. The fitted velocity evolution for each SN -depicted as solid lines in Figure 2 -is not linear (as the Poznanski et al. (2010) relation) but rather a curve, only part of which lies in the linear regime.
We take a slightly different approach than Nugent et al. (2006) or Poznanski et al. (2010) in that we investigate the ratio between the Hβ and the Fe ii λ5169 velocities not as a function of velocity but rather as a function of time (i.e. epoch since explosion). At the same time, we also explore the viability of a relation between the Hα and the Fe ii λ5169 velocities, which might be a potential asset when dealing with spectra from highz SNe II (such as those that will be routinely discovered by the LSST 7 ) in which neither Fe ii λ5169 nor Hβ can be detected. We interpolated the Hα, Hβ and Fe ii λ5169 velocities to all epochs up to ∼ 70 days after explosion and then calculated the v Hα /v Fe 5169 and v Hβ /v Fe 5169 ratios for each epoch and each SN, respectively (Figure 3 ). The uncertainties of the individual line fits were propagated to estimate the uncertainty of the ratios. We then averaged the v Hα /v Fe 5169 and v Hβ /v Fe 5169 ratios of the five SNe for each epoch (represented as black points in Figure 3 ). The uncertainties were estimated by adding the uncertainties of the individual SN line ratios and the standard deviation of the five values at each epoch in quadrature. The latter is the dominant contributor to the uncertainty, indicating that the velocity evolution is distinct for each SN. The results are presented in Figure 3 and listed in Table 2 for the v Hα /v Fe 5169 ratio and Table 3 for the v Hβ /v Fe 5169 ratio.
At early epochs the individual v Hα /v Fe 5169 or v Hβ /v Fe 5169 ratios of the five SNe scatter less than 10%. After about 40 days for Hα and about 30 days for Hβ the velocity ratios to Fe ii λ5169 of the various SNe begin to diverge significantly. A possible explanation is that during the cooling phase of the SN after the shock breakout, Type II-P SNe display relatively homogeneous properties: the hydrogen envelope is still fully ionized and the ejecta are expanding and cooling. Hydrogen recombination sets in only after a few weeks and differences between the individual SNe in progenitor size, composition, or hydrogen envelope mass become apparent. This is reflected in the variety of luminosities and velocities observed for SNe II-P/L -in fact the relation between luminosity and velocity builds the basis for the standardized candle method (Hamuy & Pinto 2002) . These differences are reflected also in the v Hα /v Fe 5169 or v Hβ /v Fe 5169 ratios. A related pattern seems to be that the most extreme SNe in terms of deviation from the average ratios, SNe 2004et and 2005cs, display a relatively high (∼ −17.2 mag for SN 2004et) or rather low (∼ −15.1 mag for SN 2005cs) R/r-band maximum luminosity compared to the other objects (ranging between −16.5 and −16.9 mag).
The v Hβ /v Fe 5169 ratio is flatter than the v Hα /v Fe 5169 ratio, suggesting that it depends less on epoch. The v Hβ /v Fe 5169 ratio as constant within the errors between 5 and 30 days after explosion, which is in agreement with the results from Poznanski et al. (2010, shown in yellow in the right panel of Figure 3. ). This result is also consistent with the findings of Takáts & Vinkó (2012) for early phases, where a nearly constant ratio of v Hβ /v Fe 5169 can be inferred. The v Hα /v Fe 5169 ratio displays a stronger evolution with time.
Velocities in Type II-L SNe
The v Hα -v Fe 5169 and v Hβ -v Fe 5169 relations were derived using only Type II-P SNe. While we expect SNe II-L to display similar properties in their velocity evolution as SNe II-P, we caution that applying the relations also for SNe II-L might introduce some systematic biases, e.g. due to the fact that SNe II-L are generally believed to produce more energetic ejecta than SNe II-P. It 7 Large Synoptic Survey Telescope: www.lsst.org. (Gutiérrez et al. 2014 ). The extreme LSQ13cuw shows this can make a velocity determination challenging (see Section 3.5.4).
EPM distances
To measure the EPM distances for the SNe in our sample we apply Equations 13 and 14 from Gall et al. (2016) :
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where
is the modified "angular size" of the SN, f dered ⋆,F is the rest frame flux for the filter F, ζ ⋆,BVI (T ⋆,BVI ) is the rest frame dilution factor for the filter combination {BVI} at the rest frame BVI-temperature T ⋆,BVI , λ ⋆,eff F is the effective wavelength of the corresponding filter F, in the rest frame, B(λ ⋆,eff F , T ⋆,BVI ) is the black body function, v is the photospheric velocity, t ⋆ the time after explosion at t ⋆ 0 in the SN frame, and D L is the luminosity distance of the SN.
As in Gall et al. (2016) we use the temperature dependent {BVI} dilution factors presented by Hamuy et al. (2001, based on the dilution factors calculated by Eastman et al. 1996) and Dessart & Hillier (2005) . The Fe ii λ5169 velocities were used for the distance determinations if measureable. For the SNe where the Fe ii λ5169 feature could not be securely identified, we applied the v Hα /v Fe 5169 and/or v Hβ /v Fe 5169 ratio, to estimate the photospheric velocities and the SN distance.
As pointed out by Schmidt et al. (1992) EPM suffers less from extinction than other methods. An error in the extinction correction will lead to a compensating effect between temperature and luminosity of the supernova. These lead to a reduction of the influence of extinction on the distance determination through EPM.
The distances were calculated by determining χ for each filter (B, V, and I) and epoch. To estimate the uncertainties of both the distance D L and the time of explosion t ⋆ 0 , we performed additional fits to all combinations of adding or subtracting the uncertainties of χ. The standard deviation of the resulting arrays of distances and explosion times was taken as a conservative estimate of their respective uncertainties.
Commonalities
Figures 4 and 5 show the distance fits for PS1-14vk and are representative for the χ-t ⋆ -fits made for all SNe (see Figures C.1-C.8 in Appendix C). We use PS1-14vk as an example to outline a number of commonalities.
-The results using either the dilution factors by Hamuy et al. (2001) or Dessart & Hillier (2005) are very similar for all SNe. The dilution factors by Dessart & Hillier (2005) systematically yield slightly larger distances.
-The V-band distance is systematically smaller and the explosion epoch later than for the BI-bands. The exception of the rule is PS1-13baf, where the V-band distances are larger than derived from B-and I-band. Discrepancies in the EPM distances when using different filter combinations have previously been observed (e.g. Hamuy et al. 2001; Jones et al. 2009 ).
-For some SNe the photometry provides an independent constraint on the time of explosion. In theses cases we use the "observed" explosion epoch as an additional data point in the fit and are able to significantly reduce the error in the distance determination.
-The v Hβ /v Fe 5169 ratio was applied only up to ∼ 30 days from explosion.
-Jones et al. (2009) argue that after around 40 days from explosion the linearity of the θ/v versus t relation in Type II-P SNe deteriorates. Considering the scarcity of data points for our SNe, we use data up to ∼ 60 days from explosion for the distance fits, whenever viable. The χ-t the estimated epoch of explosion is considerably earlier than when using only the linear regime.
-Our errors on the distances (averaged over the BVI filters) span a wide range between ∼ 3 % and ∼ 54 %, essentially depending on the quality of the available data for each SN. A strong constraint on the epoch of explosion reduces the uncertainty of the distance fit significantly. The errors account for the uncertainties from the photometry, the SN redshift, the K-corrections, the photospheric velocities and -for SNe 2013eq and PS1-13wr -the dust extinction in the host galaxy.
The velocities and dilution factors that were used to derive various values of θ † are presented in Table B .3 in the appendix, while our final distance results are summarized in Table 4 . In the following we outline the particularities for each individual SN.
SN 2013eq
SN 2013eq is presented in detail in Gall et al. (2016) . Using the dilution factors from Hamuy et al. (2001) , Gall et al. (2016) found a luminosity distance of D L = 151 ± 18 Mpc and an explosion time of 4.1 ± 4.4 days before discovery (rest frame), corresponding to a t 0 of MJD 56499.6 ± 4.6 (observer frame). Applying the dilution factors from Dessart & Hillier (2005) D L = 164 ± 20 Mpc and an explosion time of 3.1 ± 4.1 days before discovery (rest frame) corresponding to a t 0 of MJD 56500.7 ± 4.3 (observer frame) were measured.
SN 2013ca
Good quality spectroscopy is available for SN 2013ca allowing us to determine the photospheric velocity directly from the Fe ii λ5169 line. The photometric coverage is poor, with only 2 points observed in each of the LT g ′ r ′ i ′ filters. The flux at the epochs of spectroscopic observations was linearly interpolated through those two data points. This should be a reasonable assumption for a Type II-P SN during the plateau phase.
LSQ13cuw (SN II-L)
LSQ13cuw photometry and spectroscopy was adopted from Gall et al. (2015) . They constrain the epoch of explosion to MJD Article number, page 9 of 36 A&A proofs: manuscript no. EPMSample_paper 
H01 -Hβ B 1699 ± 451 1772 ± 538 7.3 ± 12.4 8.1 ± 5.9 56401.3 ± 7.9 EPM V 1538 ± 1109 5.4 ± 8.3 I 2078 ± 1082 11.7 ± 9.7 D05 -Hβ B 2019 ± 542 2110 ± 658 8.6 ± 13.6 9.5 ± 6.4 56400.0 ± 8.6 V 1823 ± 1349 6.6 ± 8. 56593.4 ± 0.7. This was used as a further data point in the distance fit and provides a more accurate result. Unfortunately, lines of Fe ii λ5169 are not visible in any of the LSQ13cuw spectra and we applied the v Hβ /v Fe 5169 ratio to estimate the photospheric velocities. However, the spectra of LSQ13cuw are characterised by Hα and Hβ features that show almost no absorption component, which makes a velocity determination difficult. We were only able to confidently measure the Hβ velocity after +32 days. However, as outlined in Section 3.4.2 the v Hβ -v Fe 5169 relation is not reliable after ∼ 30 days from explosion. This leaves us with only one estimate for the photospheric velocity from the +32 d spectrum.
PS1-13wr
The reasonably high signal-to-noise spectra of PS1-13wr allow us to determine the photospheric velocity directly from the Fe ii λ5169 line. The errors in the distance determination of PS1-13wr are larger than for other SNe due to the uncertainty of the dust extinction within the host galaxy (Table 1) .
The photospheric velocity of PS1-14vk was measured from the Fe ii λ5169 line for all epochs, except ∼ 2 d and ∼ 14 d postdiscovery, where the line was either not visible or blended.
The values of χ in PS1-14vk for the epochs +11, +27, and +33 d follow a clearly linear relation in contrast to the last epoch at +49 d after discovery (see discussion in Section 3.5.1). This is independent whether we apply the dilution factors given by Hamuy et al. (2001) or Dessart & Hillier (2005) . Consequently, we performed fits only through χ values at +11, +27, and +33 days.
PS1-12bku
The Fe ii λ5169 line in the PS1-12bku spectra was used to estimate the photospheric velocity. We can additionally constrain the fits by using the estimate for the explosion epoch available for PS1-12bku. This reduces the distance uncertainties significantly.
PS1-13abg
Only poor quality spectra are available for PS1-13abg and we can identify the Fe ii λ5169 line only in the +44 d spectrum. We use this measurement and the loose constraint for the explosion epoch to estimate the distance to PS1-13abg.
PS1-13baf
The spectra of PS1-13baf have a poor signal-to-noise ratio and we are not able to identify Fe ii λ5169 line in any of the spectra. We apply the v Hβ /v Fe 5169 relation to the first two epochs (i.e. before ∼ 30 days), to estimate the photospheric velocities. The estimate for the explosion epoch reduces the error in the distance.
PS1-13bmf (SN II-L)
The spectra of PS1-13bmf at the first two epochs (+5 d and +8 d) are basically featureless. The Fe ii λ5169 line could be identified at +29 and +47 days. We additionally constrain the fits by using the estimate for the explosion epoch available for PS1-13bmf (Section A.9 in the appendix).
PS1-13atm (SN II-L)
The photometric coverage of PS1-13atm, our second-highest redshift SN, is insufficient to perform reliable fits for an estimate of the BVI magnitudes at the epochs of spectroscopic observations. The g PS1 -and r PS1 -band have only a single data point each. We therefore forgo an attempt to calculate an EPM distance to PS1-13atm.
PS1-13bni
The Fe ii λ5169 line could not be clearly identified at any epoch of PS1-13bni. We relied entirely on estimates of the photospheric velocities using the Hβ line (at +15 and +24 days) and the v Hβ /v Fe 5169 relation. We note that the relation is prone to large uncertainties at epochs 50 days post explosion.
Since the v Hβ /v Fe 5169 relation is epoch dependent, but no estimate of an explosion epoch from other sources is available for PS1-13bni, we pursue an iterative approach to derive the time of explosion. For the initial iteration we assume the first detection to be the time of explosion and evaluate the v Hβ /v Fe 5169 relation at the resulting epochs. Then we fit for the distance and the explosion epoch as would be done for any other SN. The derived explosion epoch is then used as a base for the second iteration, and the spectral epochs as well as v Hβ /v Fe 5169 ratios are adjusted accordingly. We repeat this process until the explosion time converges.
SCM distances
The V-and I-band corrected photometry was also used for SCM. The light curves are interpolated to 50 days after explosion.
The expansion velocity is determined using the relation published by Nugent et al. (2006, Equation 2 ):
where v(t ⋆ ) is the Fe ii λ5169 velocity at time t ⋆ after explosion (rest frame). For the SNe where we could not identify the Fe ii λ5169 feature in their spectra we first applied the v Hβ /v Fe 5169 relation and then utilized the derived Fe ii λ5169 velocities to estimate the expansion velocity at day 50. This procedure was carried out twice for those SNe where estimates of the explosion epoch where available via the EPM (depending on dilution factors).
Finally, we use Equation 1 in Nugent et al. (2006) to derive the distance modulus:
where M I is the rest frame I-band magnitude, (V − I) the colour, and v is the expansion velocity each evaluated at 50 days after explosion. The parameters are set as follows: α = 5.81, M I 0 = −17.52 (for an H 0 of 70 km s
) and (V − I) 0 = 0.53, following Nugent et al. (2006) .
Our results are shown in Table 5 . Additionally, we adopt the SCM distances derived by Gall et al. (2016) for SN 203eq: D L = 160 ± 32 Mpc and D L = 157 ± 31 Mpc, using the explosion epochs calculated via the EPM and utilizing the dilution factors either from Hamuy et al. (2001) or Dessart & Hillier (2005 
Fe Hβ 
, Ω m = 0.3 and Ω Λ = 0.7 is assumed throughout.
The final errors on individual distances span a range between 11 and 35 % depending mainly on whether the explosion epoch is well constrained or not. While the I-band magnitude and the (V − I) colour will not change significantly during the plateau phase of Type II-P SNe and are therefore relatively robust; however, this is not true for the expansion velocity. Any uncertainty in the explosion epoch directly translates into an uncertainty in the 50 d velocity and thereby affects the precision of the distance measurement. In our sample this is borne out in the fact that the SCM distances derived using estimates for the explosion epoch from photometry, have significantly smaller relative uncertainties, than those derived using estimates via the EPM. . No obvious systematic shift can be discerned amongst the SNe using the Fe ii λ5169 line for the EPM and SCM distances as an estimator for the photospheric velocity. Figure 7 shows the Hubble diagrams using EPM (left panel) and SCM distances (right panel), respectively. The red and blue points represent SNe from our sample for which either Fe ii λ5169 or Hβ was used to estimate the photospheric velocities. For reasons of better visibility we only depict our distance results using the Dessart & Hillier (2005) dilution factors, which give somewhat larger distances than the Hamuy et al. (2001) dilution factors. Our conclusions are the same regardless of which set of dilution factors is used. The grey points depict SNe from other samples. The solid line in both panels represents a ΛCDM cosmology (H 0 = 70 km s
Comparison of EPM and SCM distances

The Hubble diagram
, Ω m = 0.3 and Ω Λ = 0.7.
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).
The three Type II-L SNe LSQ13cuw, PS1-14vk and PS1-13bmf are labelled in both the EPM and the SCM Hubble diagrams.
EPM Hubble diagram
Our EPM measurements are complemented by EPM distances from the samples of Eastman et al. (1996, Figure 7 ). In the cases of Jones et al. (2009) and Bose & Kumar (2014) we selected the distances given using the Dessart & Hillier (2005) dilution factors. In addition, Bose & Kumar (2014) give alternate results for the SNe 2004et, 2005cs, and 2012aw, for which constraints for the explosion epoch are available. We chose those values rather than the less constrained distance measurements. Note that SN 1992ba appears in Jones et al. (2009) and Eastman et al. (1996) , while SN 1999gi was published in Jones et al. (2009) and Bose & Kumar (2014) .
The SN distances trace the slope of the Hubble line within the uncertainties. This is an indication that the relative distances are measured to a rather high accuracy.
SCM Hubble diagram
The SCM Hubble diagram shows our sample alongside SCM distances from Poznanski et al. (2009, Nugent et al. (2006) . We also included those objects that Poznanski et al. (2009) rejected due to their higher decline rates. D'Andrea et al. (2010) do not give the distance measurements directly but rather their derived values for the I-band magnitude, the (V − I)-colour and the velocity 50 days after explosion (rest frame). We used these to apply the same equation and parameters from Nugent et al. (2006) as for our own sample, to find the distances to these objects. Note that the Poznanski et al. (2009) and Olivares et al. (2010) have a number of SNe in common: SNe 1991al, 1992af, 1992ba, 1999br, 1999cr, 1999em, 1999gi, 2003hl, 2003iq, and 2004et. Our SCM distances scatter around the H 0 = 70 km s
as SCM is based on a previously chosen value of H 0 (following Nugent et al. 2006 ). There seems to be no obvious difference in the scatter for SNe with an estimate of the explosion epoch based on SN photometry or those relying on an EPM estimate for the time of explosion. This implies either that the epochs of explosion derived via the EPM are fairly accurate, or that constraints on the explosion epoch of only a few days, are not relevant for precise SCM measurements.
PS1-13bni
Finally, we would like to point out that our distance measurements to PS1-13bni (at a redshift of z = 0.335
The choice of H 0 = 70 km s −1 Mpc −1 is arbitrary and adopted mainly for consistency with the SCM parameters suggested by Nugent et al. (2006) . The general principles and our conclusions are the same independent of the exact choice of H 0 . . SCM Hubble diagram (right): circle markers depict the SCM distances derived for our sample using the explosion epochs previously derived via EPM and the dilution factors from Dessart & Hillier (2005) . The star shaped markers depict SNe for which an independent estimate of the explosion time was available via photometry. The colours are coded in the same way as for the EPM Hubble diagram. Similarly, the solid and dotted lines portray the same relation between redshift and distance modulus as in the left panel. We also included SCM distances from Poznanski et al. (2009, P09) , Olivares et al. (2010, O10) and D'Andrea et al. (2010, A10) . We separated the objects "culled" by Poznanski et al. (2009) from the rest of the sample by using a different symbol. The three Type II-L SNe LSQ13cuw, PS1-14vk and PS1-13bmf are identified in both the EPM and the SCM Hubble diagram.
strates that both the EPM and the SCM bear great potential for cosmology. This statement is, however, tainted by the large uncertainties in the decline rates of PS1-13bni, and the implication that PS1-13bni could be a Type II-L SN and the open question whether these can be used as distance indicators.
Applying the EPM and SCM to Type II-L SNe
When considering the use of SNe II-L for cosmology a few peculiarities must be considered. As discussed in Section 3.4.3 it is unclear whether SNe II-L display the same velocity evolution as SNe II-P and whether the v Hα /v Fe 5169 and v Hβ /v Fe 5169 ratios evolve similarly for SNe II-L and SNe II-P. Pejcha & Prieto (2015) find a physical answer to this question by showing that the light curve shape is mostly determined by temperature changes in the photosphere. For EPM with SNe II-L the additional question arises whether the relation between χ and t ⋆ is linear for SNe II-L (see Equation 3 ). The case of PS1-14vk indicates that this linear relation might be valid for a similar period of time as for SNe II-P (see Section 3.5.1).
Although SNe II-L fade faster than SNe II-P, they are on average brighter. Gall et al. (2015) suggest that SNe II-L might have slightly longer rise times than SNe II-P. This somewhat facilitates obtaining pre-maximum data, resulting in a better con- & Prieto 2015) .
The three Type II-L SNe LSQ13cuw, PS1-14vk, and PS1-13bmf, are indistinguishable from the rest of the sample, in the EPM and the SCM Hubble diagrams. We find once again (c.f. §1) that there is no clear observational distinction between the SNe II-P and II-L classes nor is one expected on theoretical grounds. Testing the validity of Type II-P SN relations, like the χ-t ⋆ relation in the EPM, or the velocity-luminosity correlation for the SCM for SNe with a range of decline rates, will help to better understand the sources of systematic uncertainties for both techniques.
Conclusions
Optical light curves and spectra of nine Type II-P/L SNe with redshifts between z = 0.045 and z = 0.335: SN 2013ca, PS1-13wr, PS1-14vk, PS1-12bku, PS1-13abg, PS1-13baf, PS1-13bmf, PS1-13atm and PS1-13bni were presented. To this sample, we added the Type II-P SN 2013eq , z = 0.041 ± 0.001) and the Type II-L SN LSQ13cuw (Gall et al. 2015 , z = 0.045 ± 0.003) to derive distances utilizing the expanding photosphere method and the standardized candle method. The procedures presented in Gall et al. (2016) for EPM at cosmologically significant redshifts and the approach of Nugent et al. (2006) for the SCM were adopted.
The possibility of estimating the photospheric velocities in Type II-P/L SNe Hα and Hβ was explored. We used five well observed SNe (SNe 1999gi, 1999em, 2004et, 2005cs, and 2006bp For the utilization in the EPM and the SCM we used the Fe ii λ5169 line as an estimator of the photospheric velocity where ever possible. In cases where no Fe ii λ5169 feature could be identified we applied the v Hβ /v Fe 5169 relation to obtain an estimate for the velocity.
Our EPM and SCM distances are in good agreement with the expectations from standard ΛCDM cosmology. This is especially encouraging given the varied quality of the available data for local versus intermediate-or high-redshift objects. Comparable precision to other distance indicators can feasibly be achieved via larger samples and higher quality data of Type II SNe.
The case of PS1-13bni at a spectroscopically derived redshift of z = 0.335
−0.012 is the highest-z SN II for which a distance measurement was ever attempted, further demonstrating the potential of the EPM and SCM for cosmological applications.
Finally, we evaluated the implications of using Type II-L SNe for cosmology. Our sample contains three Type II-L SNe that yield similar distances compared to the SNe II-P. Including SNe II-L would allow for larger samples to be considered. However, we note that that future investigations on the differences and similarities between SNe II-L and II-P are necessary to robustly assess any systematics. Although currently only demonstrated for local SNe (Maguire et al. 2010) , further improvements may also be possible by incorporating infrared datasets for SNe within the Hubble flow. This research has made use of the NASA/IPAC Extragalactic Database (NED) which is operated by the Jet Propulsion Laboratory, California Institute of Technology, under contract with the National Aeronautics and Space Administration.
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Appendix A.1: SN 2013eq
Photometric data up to 76 days after discovery and a series of five spectra ranging from 7 to 65 days after discovery for SN 2013eq are presented in Gall et al. (2016) . They find a redshift of z = 0.041 ± 0.001, a host galaxy extinction of E(B − V) host = 0.062 ± 0.028 mag and a Galactic extinction of E(B − V) Gal = 0.034 mag from Schlafly & Finkbeiner (2011) . We adopt these values also for this study.
Appendix A.2: SN 2013ca
SN 2013ca was discovered on 2013 April 21 as "LSQ13aco" by the La Silla Quest Supernova Survey (LSQ; Baltay et al. 2013) , and spectroscopically classified as a Type II-P SN (Walker et al. 2013) . It was independently discovered on 2013 May 1 and likewise classified as a Type II-P SN by Zhang et al. (2013) , who also report further detections on 2013 April 10 and May 3.
We obtained LT g ′ r ′ i ′ photometry 41 and 68 days after the first detection and a series of four GTC spectra ranging between +30 and +60 days after the first detection.
In order to determine the redshift of SN 2013ca we extracted host galaxy spectra alongside the SN spectra and measured the redshift of the narrow Hα emission line. Averaging over all epochs results in z = 0.045 ± 0.001. Features attributable to the Na i doublet from interstellar gas either in the Milky Way or the host galaxy are not apparent in the spectra of SN 2013ca. In order to derive an upper limit to the equivalent width (EW) of a Na i D absorption, we constructed a weighted stack of all SN 2013ca spectra, where the weights reflect the signal-to-noise ratio. We then created a series of artificial Gaussian profiles centered at 5893 Å and subtracted these from the stacked spectrum. The FWHM of the Gaussian profiles was set to 17.0 Å, which corresponds to our lowest resolution spectrum. We increased the EW of the artificial profile in steps of 0.1 Å in order to determine the limiting EW at which an artificial line profile as described above would be detectable in the stacked spectrum. Using this method we derive an upper limit for the EW of the Na i D λλ 5890,5896 blend to be < 0. 
LT
The tabulated magnitudes are given "as observed", i.e. neither corrected for dust extinction nor K-corrected. * Rest frame epochs (assuming a redshift of 0.045) with respect to the first detection on 56392.0 (MJD). LT = Liverpool Telescope. Rest frame epochs (assuming a redshift of 0.045) with respect to the first detection on 56392.0 (MJD). The resolution was determined from the FWHM of the O i λ5577.34 sky line.
Appendix A.3: LSQ13cuw
Photometric data up to 100 days after discovery and 5 spectra ranging between 25 and 84 days after discovery for LSQ13cuw were presented by Gall et al. (2015) . Performing a fit to the pre-peak photometry Gall et al. (2015) are able to constrain the epoch of explosion to be MJD 56593.42 ± 0.68. They find a redshift of z = 0.045 ± 0.003, a host galaxy extinction E(B − V) host < 0.16 mag and a Galactic extinction of E(B−V) Gal = 0.023 mag from Schlafly & Finkbeiner (2011) . We adopt these values here.
Appendix A.4: PS1-13wr
PS1-13wr was discovered on 2013 February 26 by the PS1 MD survey. g PS1 r PS1 i PS1 z PS1 y PS1 photometry was obtained in the course of the PS1 MD survey up to 150 days after the first detection. We obtained 4 GTC spectra ranging from +12 to +41 days after discovery.
PS1-13wr lies close to the galaxy SDSS J141558.95+520302.9 for which the SDSS reports a spectroscopic redshift of 0.076 ± 0.001. This redshift was adopted also for PS1-13wr and is consistent with the redshift of the Na i D doublet visible in the spectra of PS1-13wr.
In order to obtain an accurate measure of the Na i D equivalent width we constructed a weighted stack of all PS1-13wr spectra, where the weights reflect the signal-to-noise ratio in the 5850-6000 Å region. We measure an equivalent width of EW Na I D = 0.76 ± 0.07 Å in the stacked PS1-13wr spectrum. Applying the empirical relation between Na i D absorption and dust extinction given in Poznanski et al. (2012, Equation 9) , this translates into an extinction within the host galaxy of E(B − V) host PS1−13wr = 0.110 ± 0.049 mag. The light curves of PS1-13wr are presented in the left panel of Figure A. 2. Table A .3 gives the log of imaging observations and the calibrated magnitudes. PS1-13wr displays a distinct plateau in the r PS1 -, i PS1 -, z PS1 -, and y PS1 -bands until about 80 days after discovery, when it drops onto the radioactive tail. The r PS1 -band decline rate is ∼0.20 ± 0.07 mag/50 days characterising it as a II-P SN. Table A .4 lists the journal of spectroscopic observations for PS1-13wr. The calibrated spectra of PS1-13wr are presented in the right panel of Figure A .2. They are corrected for galactic and host galaxy reddening as well as redshift (z = 0.076). The spectra display the typical features of Hα and Hβ. The Hα lines in all four spectra have a clear P-Cygni profile shape. It additionally displays a narrow emission component which is likely a contamination from the host galaxy. Weak lines of iron, in particular Fe ii λ5169 are visible in all four spectra.
Appendix A.5: PS1-14vk
PS1-14vk was discovered on 2014 March 24 by the PS1 3π survey. We obtained LT g ′ r ′ i ′ photometry up to 68 days after discovery and 6 GTC spectra ranging from +2 to +49 days after first detection.
PS1-14vk lies in the vicinity of the galaxy SDSS J121045.27+484143.9 for which the SDSS reports a spectroscopic redshift of 0.080 ± 0.001, which we adopt also for PS1-14vk.
Features attributable to the Na i doublet from interstellar gas either in the Milky Way or the host galaxy, are not apparent in the spectra of PS1-14vk. We derived an upper limit for the equivalent width of the Na i D λλ 5890,5896 blend in the same manner as for SN 2013ca (Section A.1) and we find EW Na I D < 0.7 Å, which translates into a host extinction of E(B−V) host < 0.09 mag (Equation 9 of Poznanski et al. 2012) .
The light curves of PS1-14vk are presented in the left panel of Figure A Table A .6 gives the journal of spectroscopic observations for PS1-14vk. The fully reduced and calibrated spectra of PS1-14vk are presented in the right panel of Figure A .3. They are corrected for galactic reddening and redshift (z = 0.080). The spectra at all epochs show features of Hα and Hβ. Narrow Hα emission is visible at all epochs. We attribute this to contamination by the host galaxy, due to the projected distance of the SN of only ∼ 4.5 kpc from the center of the host galaxy. Hα displays only a very weak absorption until +14 d after discovery, as is also observed by Gutiérrez et al. (2014) for other SNe II-L. At later epochs the Hα absorption becomes more prominent. A faint Fe ii λ5169 line can be seen in the spectra after +11 days. Appendix A.6: PS1-12bku PS1-12bku was discovered on 2012 August 22 by the PS1 MD survey. g PS1 r PS1 i PS1 z PS1 y PS1 photometry was obtained in the course of the PS1 MD survey and NOT u ′ g ′ r ′ i ′ z ′ photometry up to 114 days after the first detection. We obtained four GTC spectra ranging from +23 to +81 days.
PS1-12bku displays neither narrow emissions from the host galaxy nor is a spectroscopic redshift for its host galaxy available in a public data base. With the objective of estimating the redshift of PS1-12bku, we performed a series of cross correlations using SNID (Supernova Identification, Blondin & Tonry 2007) . The redshifts range from 0.086 to 0.094 with a median of 0.088. We adopt this value as the redshift of the SN, and give the range in redshifts mentioned above as a conservative estimate of its uncertainty: z = 0.088
No features attributable to the Na i doublet from interstellar gas either in the Milky Way or the host galaxy, are apparent in the spectra of PS1-12bku. An upper limit for the equivalent width of the Na i D λλ 5890,5896 blend was derived in the same manner as for SN 2013ca (see Section A.1). We find EW Na I D < 1.1 Å, which translates into a host extinction of E(B − V) host < 0.27 mag (Equation 9 of Poznanski et al. 2012) .
The light curves of PS1-12bku are presented in the left panel of Figure A .4. Table A.7 shows the log of imaging observations and the calibrated magnitudes. PS1-12bku was discovered only 0.8 d after the last non-detection in the z PS1 -band on MJD 56160.51. This allows us to constrain the explosion epoch of PS1-12bku to MJD 56160.9 ± 0.4. The r PS1 -, i PS1 -, z PS1 -, y PS1 light curves display a plateau that to lasts until about 100 days after discovery where the r-band data suggests a drop in luminosity. Table A .8 gives the journal of spectroscopic observations for PS1-12bku. The calibrated spectra of PS1-12bku are presented in the right panel of Figure A .4. They are corrected for galactic reddening and redshift (z = 0.088). The spectra of PS1-12bku display strong Hα and Hβ lines. A weak Fe ii λ5169 absorption can also be seen at all epochs.
Appendix A.7: PS1-13abg PS1-13abg was discovered on 2013 March 29 by the PS1 MD survey. g PS1 r PS1 i PS1 z PS1 y PS1 photometry was obtained in the course of the PS1 MD survey up to 38 days past the first detection. We obtained three GTC spectra ranging from +7 to +44 days after discovery.
PS1-13abg lies close to the galaxy zCOSMOS 824314, for which Lilly et al. (2007) report a redshift of 0.123 ± 0.001. This redshift was adopted for PS1-13abg.
No features attributable to the Na i doublet from interstellar gas either in the Milky Way or the host galaxy, are apparent in the spectra of PS1-13abg. An upper limit for the equivalent width of the Na i D λλ 5890,5896 blend was measured and yields EW Na I D < 0.6 Å, which corresponds to a host extinction of E(B − V) host < 0.07 mag (Section A.1 and Equation 9 of Poznanski et al. 2012) .
The light curves of PS1-13abg are presented in the left panel of Figure A .5. Table A.9 shows the log of imaging observations and the calibrated magnitudes. PS1-13abg was discovered 10 days after the last non-detection in the z PS1 -band on MJD 56370.34. This allows us to put a loose constraint on the explosion epoch of PS1-13abg to MJD 56375.4 ± 5.0. The r PS1 -, i PS1 -, z PS1 -, y PS1 light curves display a clear plateau. The drop onto the radioactive tail is not observed. The tabulated magnitudes are given "as observed", i.e. neither corrected for dust extinction nor K-corrected. Table A .10 gives the journal of spectroscopic observations for PS1-13abg. The calibrated spectra of PS1-13abg are presented in the right panel of Figure A .5. They are corrected for galactic reddening and redshift (z = 0.123). The +7 d spectrum of PS1-13abg is an almost featureless continuum with the exception of two narrow lines in the regions of Hα and Hβ, respectively. The +32 and +44 d spectra exhibit Hα and Hβ, the +32 d Hα line showing a strong narrow component. Narrow components are not observed in the +44 d spectrum, this could, however, be due to the poor signal-to-noise ratio in the last spectrum. A weak Fe ii λ5169 absorption can also be found in the +44 d spectrum.
Appendix A.8: PS1-13baf
PS1-13baf was discovered on 2013 August 13 by the PS1 MD survey. g PS1 r PS1 i PS1 z PS1 y PS1 photometry was obtained in the course of the PS1 MD survey up to 113 days after the first detection. We obtained three GTC spectra ranging from +16 to +39 days after discovery.
Spectroscopic redshifts of the host galaxy were not available for PS1-13baf. Its redshift was therefore determined by measuring the narrow Hα and Hβ components (presumably from the host galaxy) in the +28 and +39 d spectra and averaging the respective results: z = 0.144 ± 0.001.
No features attributable to the Na i doublet from interstellar gas either in the Milky Way or the host galaxy, are apparent in the 
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The tabulated magnitudes are given "as observed", i.e. neither corrected for dust extinction nor K-corrected. * Rest frame epochs (assuming a redshift of 0.080) with respect to the first detection on 56740.51 (MJD). LT = Liverpool Telescope. spectra of PS1-13baf. An upper limit for the equivalent width of the Na i D λλ 5890,5896 blend was derived in the same manner as for SN 2013ca (Section A.1). We find EW Na I D < 1.2 Å, which can be converted into a host extinction of E(B−V) host < 0.36 mag (Equation 9 of Poznanski et al. 2012 ).
The light curves of PS1-13baf are presented in the left panel of Figure A .6. Table A.11 shows the log of imaging observations and the calibrated magnitudes. PS1-13baf was discovered three days after the last non-detection in the y PS1 -band on MJD 56406.59. This constrains the explosion epoch of PS1-13abg to MJD 56408.0 ± 1.5. The light curves in all filters display a clear plateau until at least 100 d (rest frame) after discovery. Table A .12 gives the journal of spectroscopic observations for PS1-13baf. The calibrated spectra of PS1-13baf are presented in the right panel of Figure A .6. They are corrected for galactic reddening and redshift (z = 0.144). The spectra of PS1-13baf A&A proofs: manuscript no. EPMSample_paper Rest frame epochs (assuming a redshift of 0.080) with respect to the first detection on 56740.51 (MJD). The resolution was determined from the FWHM of the O i λ5577.34 sky line. 2012-11-11 56242.20 +74.31 20.57 ± 0.36
The tabulated magnitudes are given "as observed", i.e. neither corrected for dust extinction nor K-corrected. The tabulated magnitudes are given "as observed", i.e. neither corrected for dust extinction nor K-corrected. show strong Hα and Hβ lines with narrow components from the host galaxy overlayed in the +28 and +39 d spectra. Iron lines cannot be identified, due to the poor signal-to-noise ratio of the spectra.
Appendix A.9: PS1-13bmf PS1-13bmf was discovered on 2013 May 8 by the PS1 MD survey. g PS1 r PS1 i PS1 z PS1 y PS1 photometry was obtained in the course of the PS1 MD survey up to 52 days after the first detection. We obtained four GTC spectra ranging from +5 to +47 days after discovery. PS1-13bmf lies in the vicinity of the galaxy SDSS J122311.46+474426.7 for which the SDSS reports a spectroscopic redshift of 0.163 ± 0.001. This redshift was adopted also for PS1-13bmf.
No Na i doublet from interstellar gas either in the Milky Way or the host galaxy is apparent in the spectra of PS1-13bmf. The very low signal-to-noise ratio of the spectra prevented us from measuring a meaningful upper limit for the host extinction.
The light curves of PS1-13bmf are presented in the left panel of Figure A .7. Table A.13 shows the log of imaging observations and the calibrated magnitudes. PS1-13bmf was likely discovered very close to explosion, as can be inferred by the observed initial rise in the g PS1 , r PS1 , and z PS1 light curves and in particular the very steep rise in the i PS1 band. A fit to the early photometry results in an estimate for the explosion epoch of MJD 56420.0 ± 0.1. The g PS1 , r PS1 , i PS1 , and z PS1 light curves decline linearly, with the r PS1 and i PS1 decline rates being 1.05 ± 0.11 mag/50 d and 0.76 ± 0.11 mag/50 d, respectively. We therefore classify PS1-13bmf as a Type II-L SN following Li et al. (2011) . Table A .14 gives the journal of spectroscopic observations for PS1-13bmf. The calibrated spectra of PS1-13bmf are presented in the right panel of Figure A PS1-13atm was discovered on 2013 April 14 by the PS1 MD survey and g PS1 r PS1 i PS1 z PS1 y PS1 photometry was obtained up to 22 days after the first detection. We obtained three GTC spectra ranging from +16 to +44 days after discovery.
No spectroscopic redshifts of the host galaxy of PS1-13atm is available. The redshift of PS1-13atm was therefore determined by measuring the narrow Hα component (presumably from the host galaxy) in all spectra and averaging the respective results yields z = 0.220 ± 0.001.
No features attributable to the Na i doublet from interstellar gas either in the Milky Way or the host galaxy, are apparent in the spectra of PS1-13atm. Due to the low signal-to-noise ratio of the spectra. we were unable to determine a reliable value for the extinction.
The light curves of PS1-13atm are presented in the left panel of Figure A .8. Table A.15 shows the log of imaging observations and the calibrated magnitudes. PS1-13atm was discovered only one day after the last non-detection in the r PS1 -band on MJD 56395.29 which provides an explosion epoch of MJD 56395.8 ± 0.5. The photometric coverage is sparse -in particular, the g PS1 -and r PS1 -band have only one data point -rendering a distinction between Type II-P or Type II-L rather difficult.
A&A proofs: manuscript no. EPMSample_paper The tabulated magnitudes are given "as observed", i.e. neither corrected for dust extinction nor K-corrected. Table A .16 gives the journal of spectroscopic observations for PS1-13atm. The calibrated spectra of PS1-13atm are presented in the right panel of Figure A .8. They are corrected for galactic reddening and redshift (z = 0.220). The spectra of PS1-13atm clearly show Hα and Hβ. The Hα profile sports a very weak absorption and is contaminated by narrow components presumably from the host galaxy. No lines of iron can be discerned in any of the spectra. Appendix A.11: PS1-13bni PS1-13bni was discovered on 2013 April 27 by the PS1 MD survey and g PS1 r PS1 i PS1 z PS1 y PS1 photometry was obtained up to 99 days after the first detection. We obtained five GTC spectra ranging from +14 to +51 days after discovery.
We used SNID (Blondin & Tonry 2007) to determine a redshift of PS1-13bni. The results span from z=0.323 to z=0.344 with a median of z=0.335. We therefore adopt this values as the redshift of the SN, and give the range in redshifts men-A&A proofs: manuscript no. EPMSample_paper The tabulated magnitudes are given "as observed", i.e. neither corrected for dust extinction nor K-corrected. −0.012 . Due to the low signal-to-noise ratio of the spectra we were unable to determine an upper limit for the host galaxy extinction.
The light curves of PS1-13bni are presented in the left panel of Figure A .9. Table A.17 shows the log of imaging observations and the calibrated magnitudes. The light curves of PS1-13bni decline at rates of 0.64 ± 0.40 mag/50 d in the r PS1 -band, 0.29 ± 0.50 mag/50 d in the i PS1 -band, and 0.28 ± 0.35 mag/50 d in the z PS1 -band. While PS1-13bni is likely a Type II-P SN, the relatively large uncertainties in the decline rates, stemming from similarly uncertain photometry make it difficult to clearly classify PS1-13bni as either a Type II-P or II-L SN. Table A .18 gives the journal of spectroscopic observations for PS1-13bni. The calibrated spectra of PS1-13bni are presented in the right panel of Figure A .9. They are corrected for galactic reddening and redshift (z = 0.335). Hβ becomes more prominent as time elapses. Due to the high redshift of z = 0.335 of PS1-13bni Hα falls near the end of the spectrum with poor sensitivity of the detector. No iron lines can be discerned in any of the spectra. The tabulated magnitudes are given "as observed", i.e. neither corrected for dust extinction nor K-corrected. * Rest frame epochs (assuming a redshift of 0.220) with respect to the first detection on 56396.37 (MJD). PS1 = Panoramic Survey Telescope & Rapid Response System 1. The tabulated magnitudes are given "as observed", i.e. neither corrected for dust extinction nor K-corrected. . The diamond markers denote values of χ through which the fit is made. Note that this figure shows the last step of the iteration as described in Section 3.5.12.
